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ram A. Introduction 


The two-directional focusing f-spectrometer first proposed by Siegbahn and 
Svartholm [1] has become extensively used in f-spectroscopy for the determina- 
tions of energies and intensities of f-particles. The accuracy which can be ob- 
tained in such determinations depends, of course, upon the more detailed condi- 

tions of the measurements and the properties of the complete spectrometer set-up. 
In the following work we shall treat a special problem connected with intensity 
determinations, which is present in the case when pole shoes of iron are used 

“to produce the desired magnetic field. Because the permeability of the iron 
varies with the field strength, the shape of the field is not independent of the 
‘magnetizing current. Due to this variation in the field shape, the window curve 
of the spectrometer will depend upon the energy of the focused particles. With 
the field strengths generally used in f-spectroscopy, the change of the per- 
meability is most pronounced at low field strengths, which means that the effect 
is most disturbing in spectrometers of large dimensions and at low energies. 
Some uncertainty seems to have been present concerning the reliability of in- 
tensity determinations under such conditions. Especially when investigating more 
complex decays, the demand for good intensity measurements is, of course, 
essential. Recent improvements of the calculation of conversion coefficients have 
also emphasized the importance of careful intensity measurements. It may there- 
fore be worthwhile to investigate how a variation of the field form affects the 
intensity values obtained. It will be shown below that intensity determinations 
are rather insensitive to changes in the window curve both when comparing 

intensities of conversion lines and when measuring the shape of a continuous 
B-spectrum. A simple method is also given to reduce the weak energy dependence 
present. Finally, the results obtained are experimentally tested. 


B. Some definitions 


Let the radioactive sample, which we shall, for simplicity, assume to be a 
point source, radiate J(p)dp electrons per unit solid angle and unit time. We 
call I[(p) the true intensity at momentum p. 


381 


; 0 the 


spectrometer. perimental intensity at H. 
The statement that the window curve is not constant means that it is not 
possible to write for the contribution dN (H) to N(H) : 


dN (H)= const I(p) dpW (4): 


where the window curve W is a function of H/p only. 

Let H* be the value of H at a well-defined point of the window curve and 
p the corresponding momentum of the electrons. The relation between p and 
H* is expressed by a calibration function k(H*) such that p=k(H*)H". 

Our task is to find some useful relation between the experimental intensity 
N(H) and the true intensity I(p) and investigate how this relation varies with 
the field shape. 

The two-directional focusing spectrometer is mostly used for measurements at 
high and moderate resolution, which means that the base width of a line does 
not exceed 2-3%. We limit the following considerations to these cases and 
assume that it is sufficient to know intensities with an accuracy of about 1%. 


C. Two expressions for the relation between N(H) and I(p) 


We shall consider the basic spectrometer geometry shown in fig. 1. The point . 
source is situated on the central line r=r). z=0 in the source plane S. The — 
orbits are radially defined by an opening in the plane R and axially by an 
opening in the plane A. The detector slit is placed in the plane D and is radi- 
ally extended between r=ry,—d and r=r,+d. The slit is supposed to be suffi- 
ciently high to prevent particles from being lost when axial defocusing is present. — 
We shall use the following entities to describe the path for electrons of mo- 
mentum p. 


y the angle between the path and the circle r=r, in the starting point. 

§ the angle between the plane z=0 and the tangent plane to the path and 
the circle r=ry in the starting point. 

gy the angular coordinate. 

r, 2 and H as introduced above. 


The field shape is described by a number of field parameters hy, Clg, Oy ee 
which evidently must be functions of H. We shall assume in the following that 
every effect due to the change of the field form over an interval of H which 
is contained under a line profile can be neglected. The justification of such 
a “static approximation’’ will be discussed later. 

Let the radial dispersion be »v, (vy, 0,7, @,«) where the dependence of »v, upon 
the parameters «,, %,... has been abbreviated by writing only «. In the de- 
tector plane p=z /2 we have 


dr=v, (y, 8, r, 2 V2, a) (1) 


r the indie in in fig. 1. The number of particles which oes a Cross-sec- 
Zz per unit time is — 


az i ye deen etl (2) 


The bundle can pass through the dectector slit when H has values between H, 
and H,, where according to. (1) we have 
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Pr. = 4 d = 

a Bey 2 | peme een as 3) 
i x ae (y, 6, Yr, 2, a) 


A For the area d*A, which the bundle gives in the N—4H-plane, we get from 
(2) and (3) 
' is ro+d 


A= poege 772? eee 


— ee a 4 
& (8,7, wV2, a) 6) 


and hence, integrating over the solid angle, 


: ep ligminy dy ddd 
“ss 

; BAGO, ts Te V2, «) 
i 6. 1 To- 


For 6 the limits of integration of (5) are evidently 0 and 22. Obviously also 
_ y,=0. Because the solid angle used is defined by means of shutters placed some- 
where between the sample and the detector, y, will depend upon the shape of 
the orbits, that is, on the field-shape or «. In (3) we supposed that every value 
g of r within the detector slit could be reached by the bundle. However, for 
paths whose starting directions are near the edge of the solid angle used, this 


_ will not be the case. We have to write 
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nn KW for a Unreal spectrome 
"parameters 0, Og). + A fasiatons AF 
due to the change in the dispersion and J La 
make a quantitative estimate of the hehe AP, a), 
a 


K (a), but already now 

haps evident that it will normally amount only to a fraction of K 
Pee shall apply (7) to the plies (i) the spectrum consists only of a 
version line and (ii) we have a continuous spectrum. . 


(i) Conversion line 


Suppose that I(p)+0 only within a narrow interval of p. The area in the 
N —H-plane then becomes 


; A-[N()dH=-K()p[ Ian, C 
0 0 


where ) is a mean value of the momentum of the line. By using the calibra-_ 
tion function introduced in B we get 


N(H)dH a | 
gp tn ef (pap (9) 


~ 
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if we neglect the finite natural width of the line. We see from (9) that the 
area under the line divided by its calibration value of H is proportional to the 
true total conversion intensity within an accuracy given by the constancy of | 


k(H") K (a). 
(ii) Continuous spectrum : . 
Let the window curve for electrons of momentum p be given by a function 

W such that 
e 
an(H)=W(, 4) 1@ a, (10) 
where the dependence of W upon the field shape has been allowed for by letting 

_ W contain «,, %,.... For the counting rate at H we can write 
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le ecient (11) and a2) we obtain 


pes er 


Sear. suny=110 { Wte2) Laer of W (a, «) de, (13) 
eater iro | é . 
re (Z)"" is a mean value of (a?)-1, and 
Deane coum fe a 8 veattn ms 
2 y | (« 2) an=p| Woe, x)dx=pK(a). . (14) 
r - 0 ie J 0 as 4 - : 
a N(H)_K 
Al * can now write “7 = pe ay (D). (15) 


In practice we correlate N(H) with I(p), where p is computed by means of the 
calibration function 
3 p=k(H) H. (16) 


If in the calibration function we define H* as the value of H for the center 
of gravity of the window curve, p from (16) will be very near to ) in (11) 
and 1/z* very near to [k(H)]’. The experimental intensity N (H) divided by H 
-is then proportional to the true intensity I(p) within an accuracy given by 
the constancy of K (a) [k(H)}. 


D. A quantitative estimate of the variation of K (a) 


The magnetic field of a double-focusing spectrometer is described by the 
_z-component of the field in the symmetry plane z=0. 


a Sg (=) -.| i (17) 
4 a 


The correct lap of a, is a,=—} while x, may have different values between 
M$ and «,=%, depending upon how one wishes to distribute the aberrations. 


HG Van [ta 
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the field shape can thus be described by da, and da,. It ise 
of this kind which we have to expect primarily, = pane a2) ee 

‘The reference point for measuring the magnetic field is supposed to be on 
- the central line r=r,2=0. The variation in the calibration function K (H) is. 
then negligible and for our intensity measurements we need only know the 
variation of K («). 

The expression for K (a), 


92 Ya To+ds 


sinydydOdr 18 
Kit (a (18) 
‘a | } } 0; (y, 0,7, 2 V2, a) 
; 6, yr Tot Gy oy .. 


is of the form 


solid angle x effective detector slit width - 
dispersion. 


We can define two solid angles Q and @ at the source: 4 

Q= the smallest solid angle which contains all the solid angle elements for 
which the effective detector slit width +0. 

w =the largest solid angle which contains only solid angle elements for which 
the effective detector slit width is 2d. 

Clearly w is contained in Q. 


ee aes 


We first need an estimate of 
[Q|=le|. 
|Q| 


We shall assume in the following that the angular position , of the radial 
shutter is not to far from the source, say y,<0.8 ~ 45° whereas the position 
of the axial shutter will be left arbitrary. 

We shall use a relation 


sin y dy dO=f (gs, a) ds Sar 


expressing that, in a shutter plane y=q, the area ds of a cross-section of a 
bundle is proportional to and for given «’s depends only on the solid angle of 
the bundle. This means that we consider only values of y for which the second 
order terms in y in equations (38) and (39) below are small compared to the 
first order terms in y for p=@qs. 

Fig. 2 shows the projection of a path in the plane z=0. The path just passes 
(at z=z,) the outer edge of the radial opening between r=r,+R and the inner 
edge of the detector slit at r=r,—d. This ray has its starting direction on the 
limit of { because no ray passing the plane y=q, for the radial shutters at 
r>ro+ Rk, z=2, can be made to pass through the detector slit. The magnitude 
of the field is now decreased until we obtain a path that strikes the radial 
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ter at r=r,+R, z=z, and the detector slit at its outer edge at r=r,+d. 
starting direction of this ray lies on the limit of w, because only rays 

2 it at p=9,,2=2, can pass through each value of r within the detector 
. In the plane y=@, the radial difference Ar between the two rays becomes 


~ 


0, (7s 0570+ Bs Gs), 
v, (y, 9, 79, 1 V2, a) 


Ar=24 (20) 


_ Here we have neglected aberrations, that is, the fact that rays through dif- 
ferent points in the plane y=, do not make the same intersections in the 
_ plane p=nJV2. Using the path equations below, it is easily checked, that this 
_ approximation is permissible in this connection. 

_. At the axial opening at p=, between z= +Z we get correspondingly 


reo genes Yanthe, (21) 
v, (Y, 0, 9, 2 V 2, a) 


r=r,—R and z= —Z respectively, we get by means of (19) 


ol ela aa (te +B.) 5, (22) 


|| Ro, (nV2) Ze, (a V2) 


a 
. v, is the axial dispersion. Considering also the values of Ar and Az at 
7. 
a 


| 


4 


where only those dependences of the dispersions which are important here have 
been indicated. For all generally used values of d/R (22) is of the order only a 


few percent and its relative variation with the field form is not greater than 


for the dispersion. a 
- The radial and axial dispersions are proportional to the partial derivatives 
with respect to 6 of equations (39) and (40) resp. below. We need here con- 


sider closely only the radial dispersion v, in the plane p=x V2. By putting 
(pan 2 and a,=—it+da, in equation (38) and differentiate with respect to 
6 we get 
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const = 4 (1-2dey) +2? (1 +da,)7 cos 6. (23) | 
0 

Equation (39) is not given to sufficiently high order to indicate any dependence ~ 
upon da, of the dispersion (23). It is evident, however, that such a dependence 
is far less than the dependence upon da,. Further, a change in a, affects the 
gradient of the field in different directions outside and inside the circle r= 1. 
This changes the dispersion outside and inside this circle in different directions 
and hence we can consider the mean variation of v, as depending on d«, only. 
We see from (23) (i) that v, is essentially determined by the first term in (23), 
which is independent of y and § and (ii) that the relative variation of v, with 
da, is also not very sensitive to y and 9. We can take the value corresponding 
to y cos 0=0, 

ane 2da, (24) 


Vr 


as a good mean value for the relative variation of v,. 

Due to (i) the relative contribution to K(«) from directions between 0 and 
w will be only ~3e. From (i) and (ii) it then follows that the relative varia- 
tion of K(«) may be written 


dK(x) d|Q| dv, dlo| dy 
Ke) SO ede lol) oe, 


(25) 


We shall use d|Q|/|Q| to find the relative variation of K («). 

Consider the path at the limit of Q in fig. 2. 

Let the radial coordinate of the path be given by a function r (y, 0, p, 6, 1 a). 
Here the variable 6 determines the ratio between p and H. The values of y, 6 
and 6 are such that 


r+ R= (y,. 0, Gs 0, %; Xe), (26) 
ry—d=r (y, 0, 2 V2, 0, o45 oy): (27) 


Now let the field shape change. With y and @ constant we compute the radial 
displacement dr at ~=q, when 6 is changed in such a way that the path still 
just passes the inner edge of the detector slit. Thus 


ér or or 

mR asl Je bea Poe, (P= Gr), (28) 
fe) 6: 

Os ae ae, 4 BE gen (p=2 V2) (29) 


from which we obtain dr=8, (y, 0, da, das, @,). (30) 


If z, is the axial intersection of the path of equations (26) and (27) with the 
plane p=9,, y and @ are unique functions of r, +R and z,. Hence we can write 


Ar = 8% (To + R, %, bay, boy, Py). (31) 
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7 Z=2ly, 6, 5 é, cae %y), . 
= ro—d=r(y, 0, 2 V2, 6, o4, oe). 13) pee (34) 
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t the beam containing all rays which can pass through the detector slit be 

tended axially between appr. —Z, and Z, in the plane of the radial opening 

and extended radially between appr. r,—R, and r,+ R, in the plane of the axial 
opening. By means of relation (19) we may write the relative change of |Q| 


Z, 
f [82 (ro— B, 2, bay, dag, Pr) — 89 (Ty +R, %, day, dary, G)] dey, 
—Z, - 
4 RZ, 
Tot Rz 
J Ue (te, —Z, dary, deg, Pz) — ty (Tz, Z, dary, Bog, G2)] Are 
a ro—R, , 
: » (35 
J 3 4zR, (35) 


Ps the functions r and z given below, we compute approximately s, and f,. 
Finally, we find (for small g, as assumed above) by means of (24) and (25) 


A Ie =(1- ORY Rat Ase 1) €%0 (36) 


° 


For 9.=9,=2 [5 (V2— 1)]=37° which is often used, we get 


3 =1.7d 37) 
K (a) ¢ 

; 3 . d K (a) 

Ewhils for p,= 157°, y,=37 Ka) =0. (38) 
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trajectory. The second order solutions under ae same condition are 
to (7:13), (7:14) and (7:15) : 


=e Seo, Sarre, ‘(See 


where : ~ — aly 


gP =F | cos” o+(« ~ 2+ 1) sint 6| iy? (l—cos p BAL jaka 


“55 (»-2+4) beoos gh teie ren V2, — cos p Vay) + 
us ws nar sin? 6 (eos Vw oie ML: 
Pane _I12_ 2 sin 6 cos 6 [cos y (VA, —VA,) — 
ViVi ore ‘ 


ae Seopa ag 49 wae 
Ne ee 
- 1 y® sin 6 cos 6 [cos p (VA, + VA.) — cos p Vaz)- 


For our case, i.e. the pure magnetic one, we have x=1 and 


A,=1+ 0%, 

A, = —%, 

Inn = 9 eho, 
fog = Mes 


91g = 2 Hy +2 Hy. 
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= vet c= sin 8 sin @ Vie, 

— - é 6 
woh > fi yy =] — —-->3 =f, ——e 
ere for x AA 5 Ae=As 


‘By using 9”, 0, ¢*, and ¢” we obtain for the functions r and z 
' r=ry(1+ o* +o), (39) 
- grit? +09), ge 


_ For small values of 6 a change 6: in the momentum is evidently equivalent 
to a change —6-H of the measured magnetic field strength. Hence, the disper- 
sions are proportional to the partial derivatives with respect to 6 of (39) and (40). 
_ We can here discuss the assumption of regarding the field parameters «; as 
constants over the interval of H which is contained by a line profile. First 
_we observe that, for a continuous spectrum, we measure the counting rate N (H) 
at a certain fixed field setting H. The counting rate N (H) can evidently depend 
.only on the values of «; for that particular field strength, whereas the deriva- 
tives of a; with respect to H will not enter. Hence, for a continuous spectrum 
‘the “‘static approximation” da,/dH=0 is exact. When measuring a conversion 


a io) 
line, however, the relevant entity in (9) is the area {yu dH under the line 
eS i) 


toe 
profile. Because the measurement of line intensities thus involves a variation 
of H, the derivatives of « must in principle also enter into a relation between 
the measured area and the true conversion intensity. The dependence on the 
derivatives of «; is introduced mainly with their influence on the dispersion v, 
in the focal plane. If da,/dH +0 the partial derivative of (39) with respect to 
6 will contain da,/dd6. However, an appreciable change of the dispersion due to 
these terms requires extremely large values of da,/d6, which are most unlikely 


to occur. 
E. Application to the two-directional focusing spectrometer with r)=—90 cm at 
; the Nobel Institute of Physics 


The double-focusing spectrometer at the Nobel Institute (3) has a magnet of 
which the pole pieces are connected by a central core, around which the mag- 
netizing coils are wound. The magnetic field is measured by means of two ro- 
tating coils, mounted on the same axis. One coil has its center on the central 

‘line r=7ry),z=0 at p=x[h(V2+2)], while the other is situated in an iron-free 
coil of Helmholtz type, the field of which is known. The phase difference be- 
tween the voltages induced in the two coils is 180 and the current in the 
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1. The energy dependence of the shape of the spectrometer field | 
| ‘The change of the field shape was investigated in the following way. 4 shutter 
_ with three openings was placed at p=2 (3 V2). The openings had their centres 


in the symmetry plane at r=40, 50 and 60 cm. For a given conversion energy | 


oe 


és i 207 
80 kev 


480 kev 


ThBF-line 
148 kev 


ThB A-line 
24 kev 
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o relative position of line from opening at r=60cm 


; 
‘ : Mm ‘sar a2 »  » p240em i 


Fig. 3. Diagram showing the relative position in H of the lines from the openings in a shutter 


at p=2($//2). 


we obtain three lines; by studying how their relative positions vary with the 
energy, we can compute the corresponding values of da, and da,. Fig. 3 shows 
the positions in the N—H-plane ofthe lines from the openings at r=40 cm 
and r=60 cm relative to the position of the line corresponding to the central 
opening for four different electron energies. All measurements involving the field 
form were made with the magnet demagnetized except where otherwise indicated. 
Under these conditions the field shape is sufficiently reproducible. 

For the lines from the openings at r=7,=50 em, one finds that the field 
strength corresponding to the peaks of the lines is proportional to the Bo- 
values of the conversion lines within ~1%, for the investigated energy interval 
24-1000 keV. At r=35 and r=65 cm where the extreme rays pass at maximum 
transmission of the spectrometer, we find from fig. 3 that between 24 and 1000 
keV the relative field strength at these radii has changed with 7% and —7 % 
respectively. An investigation of the axial focusing showed that no appreciable 
asymmetric changes occurred. It is therefore evident that the change of the field 
shape has essentially the character, which is described by means of da, and day. 
We shall discuss briefly how small changes of other kinds will affect K (a). 
Changes of the following kind may be present: 
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‘Fig. 4, Diagram showing the var- 
dation of a, with the energy of 0 


o——__ 
the focused electrons. 1000 2000 3000 4000 5000 


Be 
500 1000 E kev 


_ (a) Changes which are not symmetric around the plane z=0. 
(b) The change of the field gradient is not independent of 9. 
(c) The field strength along the central line r=r,,z=0 does not remain in- 
dependent of ¢. 


' We first observe that the change of K («) is determined by the character of 
the change of the field only, i.e. it is insensitive to small differences in the shape 
of the field from which we start. Because of this, we can consider (a), (b) and (c) 
‘separately; in reality there are, of course, combinations of these. We suppose, 
therefore, that we start from a field with rotational and mirror symmetry and 
change it according to one of (a), (b) and (c) with the condition that the values 
of da,, da, that we measure experimentally with the method above are kept con- 
stant. A change of type (a) will affect both the dispersion and the solid angle 
in different directions on different sides of the plane z=0 and hence K («) is 
insensitive to small changes of this type. If the field shape changes according 
to (b), our measurement gives a mean value of the gradient, which is clearly 
of significance for the value of K(«). Effects from changes under (c) enter 
mainly in the functions s, in (35). However, the small changes introduced will 
be almost the same for s,(r+R) and s,(r—) and hence cancel in expression 
(35) for d|Q|/|Q|. 

Also in the real case, the relation (36) therefore gives the intensity correc- 
tion to be used, provided that da, is determined as above. Fig. 4 shows da, 
obtained from the measurements of fig. 3 as a function of the focused energy 
and where da, has arbitrarily been put equal to zero at 1000 keV. The values 
of da, compatible with fig. 3 are sufficiently small to justify the approximation 
involved by the non-appearance of da, in relation (36). 


2. Experimental check of the intensity correction 


The most straightforward way to check experimentally the computed inten- 
sity variation would, of course, be to measure a radiation with known intensity 
distribution over the energy interval used. However, concerning conversion lines, 
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Fig. 5. Line shapes of ThB A-line, (a) 

“with the spectrometer demagnetized, 
(b) with the spectrometer premagnet- 
ized with 6 amps. . 


intensity ratios are rarely known with an accuracy of 1% or better which we 
require for our purpose. On the other hand, a continuous f-spectrum of a known 
shape is also difficult to use because of back scattering in the sample, especia 

at low energies. It may also be difficult to obtain sufficient statistical accuracy 
at all energies. | ‘ 

The difficulties mentioned are avoided if we measure at constant energy and 
vary instead the field shape by giving the spectrometer magnet a certain pre- 
magnetization. 

It is most suitable to use a continuous spectrum to test the intensity varia- 
tion. The experimental errors are then easier to estimate because they are 
essentially made up only of the statistical uncertainty in the counting rate. The 
measurement of a line introduces further uncertainty in the field settings for 
the measuring points and in the determination of the area under the line. When 
using a continuous spectrum, we also test just the static approximation which 
we have assumed in the computation. The results then also hold for conversion 
lines, provided that there are no rapid changes in the field shape. This is evi- 
dently more a question of reproducibility than a systematic intensity variation 
with the field shape. The difficulty is easily eliminated by measuring a line 
with fixed field setting and varying the energy of the electrons by means of an 
accelerator at the sample. However, no discrepancies were observed for some 
measurements of lines performed in the ordinary way. 

To get a sufficiently large change in the field shape when premagnetizing the 
spectrometer, the measurements had to be made at rather low energies. Fig. 5 
shows for one particular shutter setting the line shape of the A-line of ThB at 
24.5 keV (a) with the spectrometer demagnetized and (b) with a premagnetiza- 
tion of 6.0 amp. The focusing current for the A-line is ~0.2 amp. The variable 
Q in fig. 5 is the setting of the potentiometer in a bridge coupling and is pro- 
portional to the current through the Helmholtz coil. H and Q are related by 
H = const (Q+7.8) where the term 7.8 is due to the earth magnetic field. Al- 
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6. Results from measurements 
the Co® continuum at ~ 24 keV. 


> (a) (a 37°, 


(6) = 157°, 9, = 37°. nega ae 

=. 178 179 780 781 782 783 QR 
_ eo without premagnetization 
oe : ---- x with n 


Pa 
a 4 


though the line shape is for several reasons not perfectly identical with the 
window curve, fig. 5 illustrates approximately the change of the window curve 
when the spectrometer is premagnetized. 


Measurements with the three-slits shutter at y=a (3 V2) gave values for da, 
around 0.043, whereas da, was too small to be determined. It was checked that 
10 large changes of the field form of the types under (a), (b) and (c) above 
were introduced with the premagnetization. 
_ The constancy of the G.M. tube and the counter arrangement was checked at 
4 regular intervals by means of a gamma-source which could be placed in a well 
defined position outside the spectrometer. 
a The vacuum in the spectrometer was held sufficiently low and sufficiently 
_ constant to prevent any appreciable variation in the counting rate. 
_ The counting rate has some contribution from electrons scattered in the spec- 
trometer. The intensity variation of these electrons may not follow the rela- 
tion (36) which we wish to test. However, an investigation of the axial intensity 
distribution in the detector plane showed that the contribution to the counting 
rate from unfocused electrons was not greater than 1 % and hence cannot affect 
the variation of N with the field shape. 
- Fig. 6 shows measurements on the Co” continuum. For each measuring point 
the statistical error in the counting rate is slightly above 1%. For (a) both the 
‘radial and the axial shutters are placed at their normal positions at O37, 
while for (6) the axial shutter has been moved to p= 157°. From measurements 
‘on the A-line it was found that for the shutter settings used the Q-value for 
the centre of gravity of the window curve remained nearly constant when the 
“spectrometer was premagnetized. Fig. 5 illustrates this fact for one of the shutter 
‘settings. Therefore, in spite of the rather steep slope of the part of the con- 
tinuous spectrum in fig. 6, no appreciable error is introduced if we determine 
the change of K(a«) by comparing counting rates with the same value of Q. 
Table 1 contains shutter settings used and the computed and obtained re- 
f sults. The detector slit width used was 0.5 cm. Figures from measurements 
around the energy of the F-line at 148 keV are also given. 
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given are obtained from the extreme values of da, from several magnetiza- 
tions. The reproducibility of da, in fig. 4 is at least as good as for the pre- 
magnetized field. ; 


a * 


Table 1. Measurements on the Co continuum to compare the observed and 


computed change of the counting rate when the field shape is changed by means 
of premagnetization. 


Focused ae o a % a % | 
pues measured R Z | 3 
keV = Tr YP, theoretical measured | 
0 | ' 
0.06 0.06 37° 7.3+0.9 7141.0 
0.06 0.10 157° 0 —1.751.0 4 
24 0.04340.005| 19 0.10 37° 7.3+0.9 7.341.0 | 
0.10 0.20 157° ~1.3+1.0 
0.05 0.05 37° 3.4+0.5 3.0+1.0 
nay 0.0204 0.003! 9.95 | 0.08 | 157° | 0 0.6+1.0 


As is seen from Table 1, the experimental values are in reasonable agree- 
ment with the predicted variation. If we choose g,=y,=37°, and apply the 


values of da, for the normal variation of the field form with focused energy - 


from fig. 4, the error in relative intensities due to this cause should not exceed 


~2%. For p,=157° the uncertainty should be kept within 2% without any 
correction for da,. 


SUMMARY 


Considering a two-directional focusing f-spectrometer with the opening radially defined in 
the plane p=, and axially in the plane p=, an investigation of how the measured inten-. 
sities are affected by a change of the field shape of the spectrometer is made. The change of 
the field shape is assumed to be a smooth function of the focused energy. In section © a 
general expression is obtained which indicates that both the intensity of a conversion line 
(if defined as the area under the line profile divided by the Bo value) and the intensity of a 
continuous spectrum will normally vary only slightly with a change of the field shape. In 
section D a quantitative estimate of the variation is made for the case that the field change 
possesses mirror and rotational symmetry and the axial and radial shutters are set sym- 
metrically with respect to the central line. With g, fixed at 37°, it is found that for Pz= 157° 


the intensity variation vanishes, while for p,= 37° its relative value is approximately equal | 
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